Abstract. Non-small cell lung cancer (NSCLC) is the leading cause of lung cancer-associated mortality. Recent studies revealed that long non-coding (lnc)RNAs have crucial roles in human cancers. The present study was the first, to the best of our knowledge, to indicate that the lncRNA transducer of ERBB2, 1-antisense 1 (TOB1-AS1) acts as a tumor suppressor in NSCLC. Knockdown of TOB1-AS1 significantly induced NSCLC cell migration, invasion and proliferation. It was also demonstrated that the higher expression of TOB1-AS1 in NSCLC samples was associated with longer overall survival time. Furthermore, a TOB1-AS1-mediated competing endogenous RNA network in NSCLC was constructed, including Homo sapiens (hsa)-microRNA (miR)-27a-3p, hsa-miR-23a-3p, hsa-miR-23b-3p, hsa-miR-27b-3p, hsa-miR-23c, dynein cytoplasmic 2 light intermediate chain 1, E4F transcription factor 1, TSPY-like 4, component of oligomeric Golgi complex 7, inositol hexakisphosphate kinase 2 and deltex E3 ubiquitin ligase 3. Of note, dysregulation of targets of TOB1-AS1 was associated with the prognosis of NSCLC patients. The present study suggested that TOB1-AS1 may serve as a novel biomarker for NSCLC.
Introduction
In the past decade, one of the most noteworthy discoveries in the field of biology is that non-protein-coding RNAs (ncRNAs) have crucial roles in human diseases (1) . MicroRNAs (miRNAs or miRs) (2) , long non-coding RNAs (lncRNAs) (3), transfer RNA-derived small RNA (4) and circular RNAs (5) have been indicated to be up-or downregulated in multiple types of cancer and to be associated with the prognosis of affected patients. Among these ncRNAs, lncRNAs have attracted an increased amount of attention. lncRNAs have important roles in regulating cancer cell apoptosis (6) , metastasis (7), autophagy (8) , angiogenesis (9) and epithelial-to-mesenchymal transition (EMT) (10) . lncRNAs are able to interact with proteins. For instance, lncRNA EPIC1 binds to MYC to promote the expression of cell cycle regulators (11) . lncRNAs have been demonstrated to function as miRNA sponges and to be involved in post-transcriptional regulation of gene expression. For instance, lncRNA activated by transforming growth factor-β competitively sponges miR-200 to activate the expression of zinc finger E-box binding homeobox 1 (ZEB1) and ZEB2 during EMT (12) . lncRNAs have also been indicated to interact with chromatin. For instance, nuclear enriched abundant transcript 1 (NEAT1) is a regulator of nuclear paraspeckles, which has been reported to bind to the promoters of a series of targets in prostate cancer (13) . However, the functions of the majority of lncRNAs in cancer have remained elusive.
Non-small cell lung cancer (NSCLC) constitutes ~80% of all lung cancer cases and is the most common type of human lung cancer. There is evidence to indicate that ncRNAs have key roles in the tumorigenesis and progression of lung cancer. lncRNAs may function as either oncogenes or tumor suppressors in lung cancer. For instance, lncRNA MIR4435-2 host gene (HG) has been reported to promote lung cancer progression by activating β-catenin signaling (14) . lncRNA myocardial infarction associated transcript has been indicated to promote NSCLC proliferation and metastasis by inducing matrix metalloproteinase 9 expression (15) . MIR22HG has a tumor-suppressive role in lung cancer by regulating Y-box binding protein 1, MET and p21 (16) . However, lncRNA-low expression in tumor (LET) inhibits NSCLC cell migration and invasion (17) . Growth arrest specific 5-antisense 1 (AS1) has also been indicated to suppress NSCLC metastasis by reducing ZEB1, N-cadherin, vimentin and/or Snail1 (18) . Furthermore, certain lncRNAs have been reported to be potential biomarkers for NSCLC. For instance, LET is downregulated in NSCLC TOB1-AS1 suppresses non-small cell lung cancer cell  migration and invasion through a ceRNA network   WEN-JI SHANGGUAN  1,2* , HAI-TAO LIU  1* , ZU-JUN QUE  3 , FANG-FANG QIAN  1 ,   LING-SHUANG LIU  1 and JIAN-HUI TIAN and low expression of LET is associated with a more favorable prognosis (19) . The exploration of the functions of lncRNAs in NSCLC may provide potential diagnostic and prognostic markers for NSCLC. Transducer of ERBB2, 1 (TOB1) is a well-known tumor suppressor, which exerts its roles by negatively regulating the activity of receptor tyrosine-kinase ERBB2 (20) . TOB1 was indicated to be downregulated in multiple human cancer types, including liver cancer (21), breast cancer (22) and lung cancer (23) . For instance, a previous study reported that overexpression of TOB1 significantly suppresses lung cancer cell proliferation and metastasis (23) . TOB1 was demonstrated to suppress cancer cell proliferation and metastasis via a series of downstream regulators, including cyclin D1, AKT signaling, BCL-2, BCL-XL and SMAD4 (22, (24) (25) (26) . LncRNA TOB1-AS1 originates from the TOB1 gene cluster. A previous study suggested that TOB1-AS1 acts as a tumor suppressor in cervical cancer (27) . TOB1-AS1 inhibits cervical cancer cell proliferation, cell cycle and metastasis through interacting with miR-27b (27) . However, the roles of TOB1-AS1 in lung cancer have remained largely elusive.
In the present study, lncRNA TOB1-AS1 was identified to be downregulated in NSCLC samples by analyzing public datasets. Bioinformatics analysis and experimental validation were performed to reveal the potential functions of TOB1-AS1 in NSCLC cells. The results of the present study demonstrate that TOB1-AS1 may be a potential biomarker for NSCLC.
Materials and methods
Cell lines and transfection. A549 and H1299 cells were obtained from the American Type Culture Collection. The A549 and H1299 cells were cultured in RPMI-1640 medium (HyClone; GE Healthcare) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.). The NSCLC cells were cultured at 37˚C in a humidified incubator with 5% CO 2 . Small interfering RNA (siRNA) targeting TOB1-AS1 (si-TOB1-AS1) and non-specific control siRNA (si-NC) were synthesized by GenePharma Co., Ltd. and transfected into cells by using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The sequences of si-TOB1-AS1 were as follows: si-RNA1, 5'-GCA CCC GAT TAA TT GAA TA-3'; si-RNA2, 5'-GCG ACT CGG ATC CGT TTA T-3'; si-NC, 5'-TTC TCC GAA CGT GTC ACG T-3'. The knockdown efficacy was determined by reverse transcription-quantitative (RT-q) PCR. Cells were harvested 24 h following transfection for use in the subsequent experiments.
RT-qPCR. For detection of the subcellular localization of TOB1-AS1 in NSCLC cells, cytoplasmic and nuclear extracts were prepared using NE-PER TM nuclear and cytoplasmic extraction reagents (Pierce; Thermo Fisher Scientific, Inc.). Then, total cytoplasmic and nuclear RNA were extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently, complementary (c)DNA was synthesized using the RevertAid First Strand cDNA Synthesis kit (Promega Corporation) in accordance with the manufacturer's protocol. qPCR was performed using iQ™ SYBR-Green Supermix (Bio-Rad Laboratories, Inc.). The following primers were used for qPCR: TOB1-AS1 forward, 5'-GCC AGG CCT AGA AGC TTT TG-3' and reverse, 5'-TCT TCC CAC CCC TTC TCC TA-3'; GAPDH forward, 5'-TGA CTT CAA CAG CGA CAC CCA-3' and reverse, 5'-CAC CCT GTT GCT GTA GCC AAA-3' , dynein cytoplasmic 2 light intermediate chain 1 (DYNC2LI1) forward, 5'-TGA ACC ACC AAA ACC AAC CT-3' and reverse, 5'-TGG TGT GTT GTG CCC TTT TG-3'; E4F transcription factor 1 (E4F1) forward, 5'-GTT GCT GGG CCA GGA GG-3' and reverse, 5'-GAT GTC TGC TGC CAG AGA GG-3'; TSPY-like 4 (TSPYL4) forward, 5'-CTG GCT GTG TCC TGA TAC CC-3' and reverse, 5'-CCA ATT TGG GTT GAT GGC CG-3'; component of oligomeric Golgi complex 7 (COG7) forward, 5'-GAA TGC AAC TTG CTG CCG AA-3' and reverse, 5'-AGC TTG GCA GAA ATC ACA GC-3', inositol hexakisphosphate kinase 2 (IP6K2) forward, 5'-AGA CCC CTA AGG ACT GGG TG-3' and reverse, 5'-ACA AGA CTT CAG ATT TCT TTA GCC A-3'; Deltex E3 Ubiquitin Ligase 3 (DTX3) forward, 5'-TTC CAT GGG CTT TCC AGG TC-3' and reverse, 5'-GCC ATT CTG GAC AGG ACG AA-3' . The 2 -ΔΔCq method was used to calculate the relative expression levels (28) .
Cell migration and invasion assay. The cell migration and invasion assays were performed as previously described (29) .
Cell proliferation assay. The Cell Counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc.) was used to examine cell proliferation. All procedures were performed according to the manufacturer's protocols. The absorbance at 450 nm was measured and the absorbance at 615 nm was used as a reference using a microplate reader (BioTek Instruments, Inc.).
Public database analysis.
In the present study, the expression levels of TOB1-AS1 in lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC) and normal lung tissues were evaluated by using Gene Expression Profiling Interactive Analysis (GEPIA) databases (http://gepia.cancer-pku.cn/index. html) (30) . Informed consent had been obtained from all lung cancer patients (31) . LncATLAS dataset (http://lncatlas. crg.eu/) was used to evaluate the subcellular localization of TOB1-AS1 in A549, HeLa and K562 cells (32) .
Kaplan-Meier plotter database analysis. The Kaplan-Meier plotter online database (http://kmplot.com/analysis/index. php?p=service&cancer=lung) (33) was used to assess the prognostic significance of TOB1-AS1 expression in lung cancer. In order to evaluate the prognostic value of TOB1-AS1, the patient samples were divided into two groups: High expression and low expression, on the basis of the median expression of TOB1-AS1 (high expression, top 50%; low expression, bottom 50%). The Kaplan-Meier survival plots were obtained by entering the survival time [overall survival (OS) and post-progression survival (PPS; PPS was recorded as the time from tumor progression until death or was censored on the date of the last follow-up consultation)] (34) of patients with NSCLC. The P-values of the log-rank test and hazard ratio with 95% confidence intervals were also calculated.
Construction of ceRNA networks. First, interactions between miRNA and mRNA, and between miRNA and lncRNA were obtained from StarBase v2.0 (http://starbase.sysu.edu. cn/) (35) and Targetscan v7.1 database (http://www.targetscan. org/vert_71/) (36), which were used to comprehensively analyze miRNA-ceRNA, miRNA-ncRNA and protein-RNA interaction networks from large-scale crosslinking immunoprecipitation-sequencing data. Subsequently, the ceRNA networks were generated using Cytoscape Software (version 3.6.0; http://www.cytoscape.org) (37) .
Statistical analysis. Data analysis was performed using SPSS 24.0 software (IBM Corp.) and figures were created using GraphPad Prism 7 software (GraphPad Software, Inc.). Statistical comparisons between groups of normalized data were performed using the Student's t-test according to the test conditions. One-way analysis of variance followed by the Newman-Keuls post-hoc test was used to identify the differences among multiple groups. P<0.05 was considered to indicate a statistically significant difference with a 95% confidence level. 
Results

TOB1-AS1 is downregulated in NSCLC.
The expression levels of TOB1-AS1 in NSCLC and normal tissues have so far remained elusive. The public dataset GEPIA was used in the present study. As presented in Fig. 1A , the results revealed that TOB1-AS1 was significantly downregulated in LUAD and lung squamous cell carcinoma (LUSC) compared with the matched normal samples.
Higher expression of TOB1-AS1 is associated with a better prognosis in NSCLC.
The association between TOB1-AS1 expression and OS time or PPS time in NSCLC was analyzed using the Kaplan-Meier Plotter database. As presented in Fig. 1B and C, it was observed that NSCLC patients with a higher expression of TOB1-AS1 had a longer OS and PPS time than those with low expression. Furthermore, a higher expression of TOB1-AS1 in LUAD was associated with a longer OS time (Fig. 1D) . However, no significant associations were observed between TOB1-AS1 expression and PPS time in the LUAD patients (Fig. 1E) or between TOB1-AS1 expression and OS or PPS time in the LUSC samples (data not shown).
TOB1-AS1 is localized in the cytoplasm and nucleus.
By analyzing the LncATLAS dataset, it was indicated that TOB1-AS1 was localized in the cytoplasm and nucleus of the majority of the human cancer cell lines, including A549, HeLa and K562 cells. The expression pattern of H19 located in the cytoplasm and that of NEAT1 located in the nuclei of cells were used as controls ( Fig. 2A) . Furthermore, RT-qPCR was used to detect the subcellular location of TOB1-AS1. As presented in Fig. 2 , the TOB1-AS1 levels in the cytoplasm were higher compared with the nucleus in A549 cells, whereas TOB1-AS1 levels in the cytoplasm were comparable with that in the nucleus in H1299 cell lines (Fig. 2B) .
In order to explore the molecular roles of TOB1-AS1 in NSCLC, loss-of-function assays were performed in the A549 and H1299 cells. For this, two siRNAs against TOB1-AS1 were designed, which effectively reduced the expression of TOB1-AS1 in the A549 (Fig. 2C) and H1299 (Fig. 2D) cells.
TOB1-AS1 knockdown promotes NSCLC cell proliferation.
To investigate the effects of TOB1-AS1 knockdown on the proliferation of NSCLC cells, CCK-8 assays were performed. The results revealed that the proliferation rate of the cells transfected with si-TOB1-AS1 was significantly upregulated compared with that in the control group of A549 (Fig. 2E ) and H1299 cells (Fig. 2F) .
TOB1-AS1 knockdown promotes NSCLC cell migration and invasion.
A Transwell assay was then performed to determine the effects of TOB1-AS1 knockdown on cell migration (Fig. 3) . The results revealed that the numbers of migrating cells in the TOB1-AS1 knockdown group were significantly increased by 3.67-and 2.3-fold of those in the control group of A549 cells (Fig. 3A,B) . Furthermore, in H1299 cells, TOB1-AS1 knockdown promoted cell migration by 5.3-and 3.3-fold of that in the control group (Fig. 3C,D) .
The invasive ability of H1299 cells was also detected by quantifying the cells transgressing through Matrigel in a Transwell chamber. As illustrated in Fig. 3 , TOB1-AS1 knockdown promoted cell invasion. The numbers of invasive cells were increased by 8.3-and 4.1-fold in A549 cells transfected with si-TOB1-AS1 compared with those in the negative control group (Fig. 4A,B) . The numbers of invasive cells were increased by 13.25-and 6.98-fold in H1299 cells transfected with si-TOB1-AS1-1 and si-TOB1-AS1-2, respectively, in comparison with those in the negative control group (Fig. 4C,D) .
Construction of TOB1-AS1-mediated ceRNA network in NSCLC.
In order to elucidate the mechanisms of action of TOB1-AS1 regarding NSCLC progression, a TOB1-AS1-mediated ceRNA network in NSCLC was constructed. The co-expressed genes with a Pearson's score of >0.4 were selected as targets of TOB1-AS1. The Starbase and Targetscan databases were used to predict the potential miRNAs mediating the regulatory interaction between TOB1-AS1 and its targets. As presented in Fig. 5 , a total of 5 miRNAs [Homo sapiens (hsa)-miR-27a-3p, hsa-miR-23a-3p, hsa-miR-23b-3p, hsa-miR-27b-3p and hsa-miR-23c] and 6 mRNAs (DYNC2LI1, E4F1, TSPYL4, COG7, IP6K2 and DTX3) were included in this network (Fig. 5A ). In addition, the expression levels of these 6 mRNAs were measured after the silencing of TOB1-AS1 in A549 cells. The results indicated that knockdown of TOB1-AS1 using siRNA-1 significantly suppressed the expression of DYNC2LI1, E4F1, TSPYL4, COG7 and IP6K2 (Fig. 5B) . By analyzing the GEPIA dataset, the expression of TOB1-AS1 in NSCLC was found to be positively correlated with DTX3, TSPYL4, E4F1, IP6K2, COG7 and DYNC2LI1 (Fig. 5C-H) .
Dysregulation of TOB1-AS1 targets in NSCLC is associated with prognosis.
The association between the expression levels of ceRNAs and OS time in NSCLC was then analyzed in the TCGA dataset using the Kaplan-Meier method. As presented in Fig. 6 , a higher expression of hsa-miR-27a-3p (P=0.025), hsa-miR-23a-3p (P= 0.012) and hsa-miR-23b-3p (P= 0.0097) in NSCLC tissues was significantly associated with a shorter OS time. However, analysis of the Kaplan-Meier Plotter database indicated that a higher expression of DYNC2LI1, E4F1, TSPYL4, and COG7 in NSCLC was associated with a longer OS time (Fig. 7) .
Discussion
The mechanisms underlying NSCLC have remained to be fully elucidated. Recent studies have demonstrated that lncRNAs have crucial roles in regulating NSCLC-associated pathways. For instance, p53 inducible cancer associated RNA transcript 1 suppresses NSCLC proliferation and invasion by targeting the AKT1 signaling pathway (38) . Small nucleolar RNA host gene 1 promotes NSCLC progression by activating Wnt/β-catenin signaling (39) . However, the functions of the majority of lncRNAs in NSCLC remain elusive. To the best of our knowledge, the present study was the first to demonstrate that lncRNA TOB1-AS1 expression was reduced in NSCLC samples compared with that in normal tissues. Higher expression levels of TOB1-AS1 were associated with a better prognosis in NSCLC. These analyses indicated that TOB1-AS1 may serve as a novel biomarker for NSCLC.
TOB1-AS1 is a recently discovered lncRNA. A study on cervical cancer demonstrated that TOB1-AS1 functions as a tumor suppressor (27) . TOB1-AS1 inhibits cervical cancer cell proliferation, the cell cycle and metastasis. Regarding possible mechanisms, TOB1-AS1 was reported to interact with miR-27b to degrade its expression (27) . The results of the present study were consistent with those of previous studies. The present results indicated that TOB1-AS1 was localized in the cytoplasm and nucleus. Knockdown of TOB1-AS1 induced cell proliferation. Furthermore, silencing of TOB1-AS1 promoted A549 and H1299 cell migration and invasion. These results suggest that TOB1-AS1 functions as a tumor suppressor in NSCLC. Of note, siRNA-1 and siRNA-2 appeared to carry the same transfection efficiency despite siRNA-1 being more effective in inhibiting migration/invasion. This may have been due to off-target effects of the siRNAs. In spite of this, the present results indicate that knockdown of TOB1-AS1 promoted NSCLC proliferation and migration. With the development of the clustered regularly interspaced short palindromic repeat and associated nuclease Cas9 method (40) , knockout assays may be a more powerful tool to explore the potential roles of lncRNAs in human cancers and to overcome off-target effects.
The mechanisms of action of TOB1-AS1 in NSCLC remain to be fully elucidated. To gain further insight, a Figure 6 . Higher expression of hsa-miR-27a-3p, hsa-miR-23a-3p, hsa-miR-23b-3p in non-small cell lung cancer samples was associated with shorter OS time.
(A-E) Kaplan-Meier analysis of the dataset from The Cancer Genome Atlas was performed to assess the influence of high/low expression of (A) hsa-miR-27a-3p, (B) hsa-miR-23b-3p, (C) hsa-miR-27b-3p, (D) hsa-miR-23a-3p and (E) hsa-miR-23c on OS. P<0.05 was considered to indicate a statistically significant difference with a 95% confidence level. hsa, Homo sapiens; miR, microRNA; OS, overall survival.
TOB1-AS1-mediated ceRNA network in NSCLC was constructed in the present study, including hsa-miR-27a-3p, hsa-m iR-23a-3p, hsa-m iR-23b-3p, hsa-m iR-27b-3p, hsa-miR-23c, DYNC2LI1, E4F1, TSPYL4, COG7, IP6K2 and DTX3. Further analysis revealed that these TOB1-AS1 targets were also dysregulated and associated with the prognosis of NSCLC. miR-27a has been reported to regulate cell proliferation, migration and invasion in NSCLC (41) (42) (43) , while miR-23a was indicated to promote NSCLC metastasis (44) . miR-27b was demonstrated to inhibit NSCLC growth and invasion by targeting LIM domain kinase 1 (45) . E4F1 is an ubiquitin E3 ligase for p53 and regulates p53 transcription functions (46) . These studies, together with the present results, suggest that TOB1-AS1 and its targets have crucial roles in NSCLC.
Of note, the present study had several limitations. First, gain-of-function assays should be further performed to validate the roles of TOB1-AS1 in NSCLC. TOB1-AS1 is a novel lncRNA. Despite the RNA sequence provided in the NCBI database, the accurate 5'sequence and 3'sequence still require to be validated using 5'race and 3'race assays. Furthermore, in vivo assays should be performed to further validate the suppressive roles of TOB1-AS1 in mouse models (47) . Such a study may provide useful information to understand the molecular functions of TOB1-AS1 in NSCLC.
In conclusion, the present study demonstrated for the first time, at least to the best of our knowledge, that TOB1-AS1 has a tumor-suppressive role in NSCLC. Knockdown of TOB1-AS1 significantly induced NSCLC migration, invasion and proliferation. Furthermore, microarray and bioinformatics analyses were performed to explore the underlying mechanisms of the regulation of NSCLC metastasis by TOB1-AS1. It was also revealed that TOB1-AS1 in NSCLC samples was associated with a longer OS time. Despite the loss-of-functions assays, the roles of TOB1-AS1 on NSCLC still require further validation. However, the present study clearly demonstrated that TOB1-AS1 may serve as a novel biomarker for NSCLC.
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